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1 

LASER VIBROMETER 

This fnvsntfon relates to a laser vibrometer, especially to a frequency modulated 
oonfinuous wave imaging vibrometer and to an imaging laser vibrometer. 

5 

Laser vibrametry is a itnown technique for remote sensing of the vibration of a taraet, for 
Instance laser microphones or non-eontact testing equipment Cfonventtonai systems 
iliumlnate a target with continuous wave radiation at a particular frequency and look for 
any frequency modulation on the return beam which contains Information about the 
1 0 vibraflon of the target. It is also known to emit short laser puisas and ioolc at the phase 
difference and time separation of radiation reflected from Bie target to detennine the 
target vibration. This can require veiy fast and efficient detectors and -fast processing. 

Most vibrometry systems are non-imaging systems. However it is pos^le to scan a'ngie 
1 5 point vibrometers to build up a vibromstrfc Image. Because of the relatively long 

acquisition time at each pixel such step-stare systems can take several minutes to build 
up an image . Also movement of the scanning receiver during the photon fliglit time can 
lead to lag angle problems in the vibrometric image. 

20 An example Of a icnown vibrometry system is described in P Lutzmann, R Finnic, R Ebert 
and V Klein 'I^ser based vibration signatures of remote objects' paper 22, NATO RTO 
Sensors and Electronics Technology Panel Symposium Complementarity of Ladar and 
Ratter, Prague, Czech Republic. 22-23 April 2002, IWeeflng Proceedings 92, 2003 

25 it is therefore an object of the present Invention to provide an winproved laser vihrcimeter. 

Thus according to the present invention there Is provided a laser vibrometer comprising a 
frequency modulated continuous wave laser source produrang a transmit beam and a 
looal osoiilator signal, means for directing the transmit beam to a scene and receiving 
30 radiation reflected from the scene and mixing means for mbdng the received radiation 
with the focal oscillator signal wherein the vibrometer further comprises an optical delay 
for delaying the local oscillator for substantially the flight time of the received radiation. 

The present invention thus uses a continuous wave sourea which is frequency 
35 modulated and in which both the transmit beam and local oscillator (LO) have the same 
modulation. The use of a delay on looal oscillator signal for substantially the flight time of 
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the rdo&ived radiation has several [mportant advantages as will be described. Firstly it 
allows for slight errors In ths frequency modulation to oancef In the received and local 
osolllator signals which reduces the need for extremely accurate frequency miodulatlon 
(viflhioh Is hard to achieve) whilst giving the required aoouracy. Delaying the local 
5 oscilJator.also minimises the signal processing bandwidth requiremients. When the 
received radiation fs mixed wtth the looal oscillator signal a moder^e irrtermedlate 
frequency is obtained which allows use of signal processing tq talce several samples of 
the signal over time to give precise vibrometric information. Thus the afgnal processing 
bandwidth is reduced to comfortable operatrrtg levels. The use of a delay afso improves 
10 the phase noise of the apparatus. 

The preferred frequency modulation applied to the source oomprtse linear frequency 
ramps, i.e. the frequency varies linearly with time during the sweep. Unear ramps offer 
the easiest processing of the detected signal. Using a linear ramp means that for a 

16 stationary target the received signal will be identical in frequency chgracteristics to the 
local osoiliator.slgnai but the frequency of the two signals will differ by an amount 
depending upon the flight time of the emitted radiation and the delay applied to the LO 
signal. Thus the resulting Intermediate frequency remains constant for much of the 
return. If the target is moving along the sight-line this will introduce a constant bulk 

20 Doppler shift to the transmitted beam which will be reflected in a change of intennediate 
frequency. Rnally any vibration of the target will Impose mtoro-Doppler shifte on the 
returned radiation. 

By delaying the local oacliiator signal by a time substantially equal to the flight time of 
25 radiation the frequency shifting effect of the time of flight can be predominantly removed- 
Thua the Intermediate frequency has a narrow bandwidth and the mioro-Doppler 
Infonnation can be more readily obtained. 

The frequency stability of the applied modulation, I.e. the linearity of the sweep in a 
30 linearly ramped system. Is i<ey to operating a frequency modulated continuous wave 
laser vibrometer and obtaining useful mioro-Doppier information. To be able to extract 
the necessary information from the signal return both the transmit, and hence receive 
beam, and local osciliator signal need to show the same modulation. Most frequency 
modulated continuous ws^ve sources however inevrtably have some f rebuenoy variation 
35 .from the desired modulation - frequency wander. Because of this frequency wander in 
modulation frequency, modulated continuous wave laser sources would previously have 
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been thought unsuitabte for use in vibrometry. In the apparatus according to the 
present invention the same source Is used for the transmit beam and iocai oscillator and 
both are modulated. Any fluotuationa in frequency away from the intended modulation 
can lead to errors In the Internnediata fraquenoy. However as the local oscillator is 
delayed for substantially the round trip time of flight of the received radiation the received 
signal is mixed with a local OBClllator signal that was generated at close to the same time. 
Therefore any frequency wander on the transmitted, and hence received, beam will also 
be present to some degree on the looai oscillator eignal and henoe will, to a large extent, 
cancel In the intermediate frequency. This allows the use of frequency modulated 
sources which have a degree of modulatJon variation. i.e. ramp non-linearity to be used 
and stfJl provide accurate vibrometric inforniafion. in effect it relaxes the requirement for 
absolute frequency stafoiitty of the modulation. 

i^ser sources also experience variations in phase, so called phase noise. Again a 
15 drfferenoe in phase noise between the received beam and the local oscillator signal can 
lead to errors in the detected signal. Use of a delay for substantially the flight time of the 
radiation again means that the local oscillator signal is brought into near coincidence with 
the received radiation which substantially canceis any phase noise variation. 



10 



20 



25 



Preferably the optical delay is a variable optica! delay. TTie advantages of delaying the 
local oscillator by substantially the flight time of the transmitted radiation rely on Icnowing 
what that flight time is. Generally this will not be Icnown prior to use and henoe a variable 
delay is needed. Various variable optical deiaya are Itnown and could be used in the 
present Invention, for instance variable fibre optic delay lines. 



The opticai delay may delay the local oscillator signal for a period of time equal or nearly 
equal to the flight time of the transmitted and received radiation. The delay may also be 
adjusted to account for any bull? IDoppler effecte. As mentioned for a target with no bulk 
motion along the sight-ilne there will be no bulk Doppler and delaying the local oscillator 

30 . signal by exactly the same time as the round trip time of the emitted radiation will result 
in the local oscillator signal and received radiation having exactly the same frequency. 
This would result in there being no intermediate frequency other than as a result of any 
frequency shifts generated by micro-Doppler effects. In practice it may be preferable to 
ensure that there is a low intermediate frequency present at all times so the defay may 

35 not exactly match the flight time of the radiation. This leads to a nan-ow bandwicfth 
Intermediate frequency with detectable mioro-Doppler effects. 
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Where a target does have bulk motion the bulk Doppler will, a? menffondd. ohange the 
frequency of the received signal by a constant amount The delay applied to the local 
oscillator may compensate for any bulk Doppler effect® again to leave a low, constant 
5 Intermediate frequency which exhibits any micro*Doppler effects. 

.J 

The range information and bulk Doppler Infomnation may be determined aepanatsly by a 
separate ranglng/Doppler apparatus, which may be Integral with the vibrometer of the 
present Invention. The skilled person would be well aware of conventional equipment 
10 which could be used to provide range information to a target and the bulk Doppler 
thereof. The ranger could be a single pixel device. 

Alternatively the present Invention may be adapted to be operable in two modes, a first 
mods wherein bulk range and Doppler Information is acquired and a second mode where 

1 5 the vibrometric Image data is acquired, the data from the first mode being used to set the 
required delay for the second mode of operation. For instance the source could be 
arranged to transmit a beam as usual but the LO signal not delayed. As mentioned 
above the frequency difference between the LO signal and received beam will depend on 
the time of flight, and hence range to target, of the received radiation and the speed, 

20 hence bulk Doppler, cf the target. The Intermediate frequency received therefore givee 
range and bulk Doppler infomiatlon which can be used to set an appropriate delay for the 
vibrometric imaging step. 

It should be noted that in some applications it will not be necessary to determine the 
25 actual range and bulk Doppler contributions separately - the combfned effect will still 
aifow one to set the appropriate delay and ail that might be required is the vibrometric 
image. 

As mentioned the stability of the laser source is an Important consideration for frequency 
30 modulated continuous wave operation, Preferably therefore the source is a frequency 
slabilrsed source. The source may therefore cxjmprise a frequency stabilisation means- 
Preferably the frequency stabilisation means comprises means for Identifying errors in 
the modulation and a modulator for correcting for said identified errors. Preferably a 
portion of the output of the laser is fed into the means for identifying errors in the 
35 modulation and a portion of the output is fed into an optical delay. By delaying one 

portion of the output of the laser source the other portion can be analysed, for instenca 
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through heterodyning with a reference feser, to Identify any errors and then fliese errors 
can feedtiack to the modulator aciing on the delayed nadlatlon. This allows time for eny 
errors, i.e. ramp non-linearites to be identified and corrected. Another technique thet 
could be applied in phese sensitive detection. 

s 

Preferably the means for dlrecJlng the transmit beam to a scene and receiving radiation 
reflecsied from the scene trahsmfte and ceceives radiation from a p^uralily of look 
directions. In other wortis the vibrometer la a multi-pixel vibrometer which provides 
simultaneous vibnametrtc Information from a plurality of positions In the scene. 
1 0 Conveniently the transmitted beams may be arranged to fomi a 2D army. The number 
of pixels may be greater than 1 000. Thus the vibrometer can give range Information md 
vibrational signature at each element In the anray to provide a 3D vibromelric Image. 
This avoids the need for scanning mechanisms. 

15 The array of transmit beams may be created using a one to many beamsplitter, for 

instance a multlniode interference (MMI) beamsplitter or through use of a microtena array 
efco. TTie skilled person would be aware of methods of generating the array of transmit 
beams and also conecfing the received radiation. 



The bser vibrameter may be airanged to be falstatic, i.e. separate transmit and receive 
optics, or monostetio, i.e. the same optics transmit and receive. 

The detector Is prei^rabiy a detector array, for inslance an avalanche photOHJeteotor 
array. 

The laser source preferably has a wide bandwidth frequency modulation. The range 
resolution achievable by the vibrometer depends upon the bandwidth of the modulalion, 
or chlip, applied. A bandwidth of approximately 1 GHz or more may be appropriate. 

30 Preferably the modulation ramp time is fast^ i.e. the time taken to sweep lairough the 
entire frequency range. As will be explained later to separate mIcroDoppier returns from 
•frequency shifts due to range the ramp time should be equal to or less than the inverse 
of greatest micraDoppier shift a;}ipscted. in fact the ramp time should be shorter than 
any coherence time of the expected returns. For most cases of interest the 

35 micnoDoppler will have the shortest coherence time and therefore will the limiting factor 
on setting ramp time. However certain fast moving targete may therefore not be 



20 



25 
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appropriate to be imaged using the present invention. Conveniently th© mmp time may 
be 10 [js of lese. 

The laser sourcse is preferably eye safe and may operate In the 1 .5 Mm ©ye safe 
5 wavelength band. 

According to a second aspect of the present Invention there is provided a method of 
obtaining vibrometrlc data from a target comprising the isteps of; 

10 i) forming a tnansmft beam and a local oscfliator signal from a frequency 

modulated continuous wave laser acurce, 

11) transmitting the transmit beam to a seen© and recerving any radiation returned 
from the scans 

15 

Ml) delaying the local osolHator for substantially the flight time of the received 
radiation, and 

iv) mixing the received radiation with the delayed local oscillator signal and 
20 deteciing the f requeni^ of the mixed signal. 

The method of the second aspeot of the present Invention has all of the eame 
advantages and can be Implemented in the same manner as the Invention of the first 
aspect of the present invention. The method may comprfee the initial step of determining 
25 bull< range and Doppler information from the scene and using the range and Doppler 
information to set the delay on the local osclilator signal. This may be done using a 
separate ranger or by performing a first range and Doppfer measui^ment followed by a 
vibromster measuremsnt. The method may comprise the step of processing the mixed 
signal to determine differential range and mioroDoppler information. 
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The invention will now be described by way of example only with reference to the 
following drawings of which; 

Figure 1 shows a schematic off the laser vibrometer of the present invention, 

5 

Flgufo 2 shows the frequency modulation applied. 
Figure 3 shows a pixel readout timing, Artd 
10 Figure 4 shows the conversion of microDoppler history rnftJimation Into a tonal specrtrum. 



Referring to figure 1 e laser vibrometer of the present invention is shown. A frequency 
IS modufated continuous wave (FMCW) laser source 2, driven by waveform generator 3 

illuminates erbium doped fibre amplrfier 4 to generate an output signal which 1$ frequency 
modulated by a succession of linear frequency ramps such as shown in figure 2. The 
laser output is eye safe, falling with the 1 .5|jm eye safe bands. The skilled person would 
be aware of various methods of frequency modulating laser sources which would be 
20 applicable. 

The laser output is then incident on beamsplftter 6 Which directs part of the output to a 
feedback frequency stabilisation control. The frequency stabilisation control uses a delay 
line 1 0 and detector 1 2 and detects any non-linearity by phase sensftlve detection as will 
25 be understood by one skilled In the art- Where any non-linearity is detected an 

appropriate con-eotlon is made via frequency control unft 14 to th© wavefomi generator 3 
so as to give as stable a linear output as possible. 

The modulated signal Is then divided Into a transmit beam and a local oscillator by 
30 beamsplitter 22* Both the transmit beam and the local oscillator signal therefore share 

exactly the same frequency modulation. i 

j 

The transmit beam is then divided into a 32 by 32 array of beamlets using a 1-32x32 
MM! splitter 24. MMI for multlmode interference) splitters are known in the art for exactly 
35 raplicating an Input beam of radiation into a plurality of Iderrtical bsamiets, for Instance as 
deaorihed In US patent no 5.410,625. However other optical devices for forming a 

! 
( 
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plurality of Identical beamlets oould be used, such as miqrolens arrays. The projected 
array te then directed toward the acena through option 26. 

Radiation received from the scene by receive optics 27 is imaged onto detector array 28. 
5 Detector array 28 is an anray of avalanche photodiodes with Integrated r^ad-out circuitry 
with a high sampling rate. 

The local oscillator signal Is re-Imaged onto the detector array using an exactly 
analogous 20 MMI beamsplftter 30 as is used to form the transmit beamlets. However 
1 0 the local osoiifator signal is passed through variable optica! delay 32 before being mixed 
With the receive beam. Variable optical delay 32 comprises an optical fibre delay with a 
variable switohable path length and is capable of providing defays for the expected 
ranges of operation which can vary from metres to kilometres, 

15 As mentioned above the FMCW laser produces a frequency output that has a series of 
fixed duration ramps appliedv Figure 2 shows one possible arrangement. The solid line 
shows the LO signal which is identical to the transmitted beam. However other 
arrangements such as fixed up and down ramps are possible. 

20 For a stationary target the received waveform is Identical to the transmitted beam, and 
hence the LO signal but delayed by a time equal to the round trip transit time. Were no 
delay to be applied to the local oscillator this would result in an intermediate frequency 
which, as shown, is largely constant Ibr most of the return with frie frequency proportfona! 
to range. For targets having bulk sight-line motion the intermediate frequency would be 

25 changed by the appropriate Doppler shift. The range resolution te ^et by the total 

frequency excursion applied to the transmission and for the system described above a 
chirp of approximately 1 GHz will give a range resolution of about 16cm. In other words 
if the frequency ramp has a bandwidth of 1 GHz then ranges to a resolution of 15om can 
be determined. The use of a wide bandwidth chirp allows good range resolution but 

30 would generally lead to a high signal processing bandwidth requirement forth© dstector 
array- However the present invention introduces a delay into the local oscillator signal 
which compensates for the time of flight and bulk Doppler shifts. This gives a moderate 
intermediate frequency and relaxes signal processing requirements to an acceptable 
leveL 

35 
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The delay r^quirad may be datermined by a separate range and bulk Doppler sensor 
(not shown) which could be arranged integral with the vibrametric imager of the present 
invention. The data from this separate sensor can then be used to set an appropriate 
ddiay on th& variable delay 32. 

5 

Alternatively the apparatus may be adapted to acquire range and bulk Doppler 
Infonnatlon about a target In a first step and then use this Information to set the required 
delay and perform a vibrometrio imaging step- 

1 0 By Introducing an appropriate delay Into the local osoiilator signal via variable delay 32 
the mtermedfate frequency can be reduced to a narrow bandwictth which entx>nipasses 
the microDoppler components in the received signal arising from vibration of the target. 
These microDoppler frequencies are low enough that they can be sampled at relatively 
slow speed- A stew sampling speed does mean a relatively long transmission time which 

IS itself means for peak power limited emission the signal strength is raised to useful levels- 
It is necessary that the system be able to separate microDoppler frequency shifts from 
tanget vibration from frequency shifts due to range In adjacent range cells in the same 
slghMine. 

SO 

As mentioned above range resolution depends upon the bandwidth of the chirp applied. 
Generally the ramp time must be less than the Inverse of the majKlmum expected 
microDoppler frequency. For mIcroEtoppler frequencies of up to say 20OKH2 at a 
wavelength of 1 .SSpm this would result in a ramp time of about 6 - 15 )js. Taking a ramp 
25 time of 10 ps for a 1 GHz sweep would result In a frequency sweep rate of about 10'*'* Hz. 
which IS achievable by current frequency tuneable semlconduolor lasers. 

A microDoppler frequency of approximately 20Q KHz can be read out at a sample rate of 
about SOOKHz using the Nyquist crrterion. A sample rate of 1 MHz is used and 10 
30 samples can be read out to give an instantaneous measure of microDoppler frequency. 
However to establish the time hfstory of the vibration it is necessary to take several 
successive samples. This is ilfustrated With respect to figure 3. 

A series of samples are taken at a dock rate of approximately IMH2, each sample befng 
35 acquired In a sample time. These are read-out and Fourier transformed in a frame time 
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to give a pixel intermediate frequency, i.e. the microDoppler. A aerfes of f regimes &r& 
reoordad in an observation time of about Is. 



As shown In Rgure 4 the mlcroDoppler this wfll result in a series of readings having an 
5 AC component due to the microDoppier and a DC component due to iY\& residual range 
and bulk Doppler. The frequency hEstory of the pixel can then be Fourier tranafonned to 
reveal the charaoteristio frequencies , or tonais, at which that point on the surlaoe Is 
vibrating. This process fe applied to every pixel fn the array allowing a vlbTOmetrlo Image 
of the target surface to be produced. AlternativBly the vibration amplitude aasoclated 
10 with each tonal may be obtained from its power spectral density and characteristio 
frequency and similarly displayed. For instance a particular tonal frequency could be 
chosen and a two dimensional picture displayed of the target colour coded by vibration 
amplitude. 



15 As shown in figure 4 the DC component of the intermediate frequency is due to the 

residual range and any uncompensated bulk Doppler on the pixel. In other words ff the 
variable delay applied to each pixel equates to a range of say 1km the DO component of 
the intermediate frequency will give file additional range of the that particular pixel, say 
5m. Thus each pbcel will have range information about the pixel relative to the effective 

20 baseline set by the appropriate delay. 



Each pixel may oonrlafn more than one Intermediate frequency, for example where a 
target is behind a tree or some other partly obscuring cover there may be a return from 
the foliage and iafso the target. The present system ie range gated however in that relurn 
25 tram the foliage will be at one range and therefore will give one Intermediate frequency 
whereas the target will be at a different range and hence will generate a different 
intermediate frequency. These two separate frequencies, each encoded with any 
relevant mforoDoppler Information will be separately resolvable In different frequency 
bins applied to the pixel return. Thus the present Invention allows a full 3D vlbrometrio 
30 image of a scene to be captured. 

The use of a FMCW approach in the present invention with a wide bandwidth chirp 
applied to both the transmit beam and the local osclKator therefore allows good range 
information to be obtained about a target in two dimensions. The use of a variable delay 
35 adjusted to offset most range and bulk Doppler effects relates the linearity requirements 
of the FMCW source and allows any frequency variations In modulation to cancel. It also 
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gives a narrow bandwidth intermedlale -frequency af lowing the microDoppler frequencies 
to be captured in relatively slow lime and mitigates the effet3ftB of phase noise of the 
source. Thus a three dimensional vibrom^irio imagie can be produced with good 
resolution and without the need for scanning, although thd invention is applicable to atep- 
5 stare scanned systems and single pixel systems. 



Prior to the present invention the skriled person would not have thought that FiViGW 
would be appiloabre to an imaging vlbrometer due to ramp non-linearity of the souroOr 
bandwidth cxsnstralnts and also phase noise. However using a frequency stabilised 
10 source removes most ramp non-llnearify and delaying the LO so that it is mixed wfth the 
transmit beam produced at substantial^ the same time means any residual fluctuations 
tend to cancel each other cut. 
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Claims 

1 . A laser vlbnometer comprising a frequency modulated laser source for procluaing 
a transmit beam and a local oscillator signal, both having the same frequency 

5 modulation, means tor directing the transmit beam to a scene and recei\dng 

radiation reflecfled from the scene and mixing means for mixing the received 
radiation with the local oseillator signal and a detector for detecting frequency 
variations between the received and local oscillator sSgnais wherein the 
vibrometer further comprises an optical delay for delaying the local oeeiliator for 
1 0 substantially the flight time of the received radiation, 

2, A laser vibrometer as claimed in claim 1 wherein the frequency modulation ofj 
laser source comprises linear frequency ramps. 

15 3. A laser vibrometer as claimed in claim 1 or claim 2 wherein the optical delay is a 
variable delay. 

4. A laser vibrometer as claimed in claim 3 wherein the variable delay Is a variable 
fibre optic delay One. 

20. 

5. A laser vibrometer as claimed In any preceding claim vrtierein the delay applied 
by the delay means compensates for any bulk Doppler effects. 

6. A laser vibrometer as claimed in any preceding claims wherein the delay is 
25 detennined by a separate ranging/Doppler sensor. 

7. A laser vibrometer as claimed In claim 6 wherein the ranging/Doppter sensor is 
Integral with the vibrometer. 

30 8. A laser vibrometer as claimed in any of claims 1 to 5 wherein the vibrometer is 

adapted to be operable in two modes, a first mode where bulk range and Doppler 
infonnaUon is obtained and a second mod© wh^re the vihrometrio image data is 
acquired, the data from the first mode being used to set the required delay for the 
second mode Of Operation • 

35 



r 
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9. A laser vibrometer as claimad in any preceding claim wherein the cxDmpriees a 
frequency stabili^sation mdans. 



1 Q. A laser vibrometei' a& claimed in daim 9 wherein the frequency etabllisafion 
6 means comprises means for identifying errors in the modulation and a modulator 

for Gorrecting for said identified errors, 

11. A laser vibrometer as claimed in claim 10 wherein the output of tiie sOufoe is split' 
into two portions, one portion being fed Into an optical delay and another portion 
1 0 being fed into the means for identifying errors. 



12. A laser vibrometer as claimed in any preceding olaim wherein the means for 
directing the transmit beam to a scene and receiving radiation reflected from the 
scans transmits and receives radiation from a plurality of look directions. 

15 

13. A laser vibnometer as claimed in any preceding olaim wherein the laser source 
has a wide bandwidth frequency modulation. 

14. A laser vibrometer as claimed in claim 13 vi/herein the frequency modulation has 
20 a bandwidth of at least 1 GHz. 

15. A laser vibrometer as claimed in any preceding claim wherein the frequency 
modulation has a fast ramp time 



A laser vibrometer as claimed in claim 15 wherein the ramp time Is 1 0 ps of less. 
A method of obtaining vibrometrlo data from a target comprising the steps of: 

I) forming a transmit beam and a local oscillator signal from a frequency 
modulated continuous wave laser source, 

II) transmitting the transmit beam to a scene and receiving any radiation retumed 
from the scene 

35 lii) delaying the local oscillator for substantially the flight time of th^ received ^ 

KBdiation, and 



25 16. 
17. 

30 
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Iv) mbdng the received radiation wKh the delayed looal oscillator signal and 
detecting the f requenoy of the mixed signal. 

S 18. A method as claimed In claim 1 7 comprising the Initial step of determining bulk 
range and Doppler Information from the scene and u^lng the range and Doppler 
information to set the delay on the local oscillator signal 

IS. A me?thod a© claimed In claim 1 9 wherein the method comprises the step of 
10 processing the mixed signal to determine differential range and mloroDoppler 

information. 



15 
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LASER VIBROMETER 

5 This invention relates a laser vibrometer. A frequency modulatKl laser source (2. 3) 
generates a frequency modulated output, preferably a linear ramp, whiolir (s used for l>otii 
tlie transmit beam and itie local oBclllator signal. Transmit (26) and reo^ve optics (27) 
transmit the transrrtt lieam towards a target and receive radiation-returned fliersfrom. 
The local osoHlator is mixed with the received beam and the mixed ^gnal detected by a 
10 detector array (2S). Before mixing with the received radiation however the local oscillator 
Is delayed for a time substantially the same as the flight time of the radiation, preferably 
ttirough a varietole optical delay (32). Delaying the local oscillator signal in this way 
means that the received radiation was generated at nearly tiie same time as the local 
oscillator signal with which It was mixed and both received the same modulation. 
15 Therefore any variations In modulation of the modulation of the source will be present in 
both the receive beam and local osciiiator signal and will to a large extent oanoel. The 
use of a delay also means that the detected Intermediate frequency has a narrow 
bandwidth easing signal processing requirements and also as the local oscillator signal is 
in near coincidence with the received beam the effects of phase noise of the source are 
20 reduced. 

The detected signal therefore has an intermediate component r^rasentatlve of residual 
range and bulk Doppier effscls and an AC component which contains the microDoppIer 
frequencies Indicative of any vibrations of tiie target, 

25 

The present Invention thersfote provides a 3D imaging vibrometer 

V 

[Figure 1 should accsompany the abstract] 
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